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Accepted 27 June 2011AbstractObjective: To present the prenatal diagnosis and molecular investigation of the parental origin and mechanism of nondisjunction underlying an
48,XXY,þ18 karyotype in a fetus with congenital abnormalities, and to review the literature.
Materials, Methods, and Results: A 42-year-old woman was referred for amniocentesis at 18 weeks of gestation because of advanced maternal
age. Prenatal ultrasound revealed bilateral choroid plexus cysts. Amniocentesis revealed a karyotype of 48,XXY,þ18. The parental karyotypes
were normal. Level II ultrasound revealed a flexion contracture deformity of the left wrist with absence of the thumb. The pregnancy was
terminated at 22 weeks of gestation. A 332 g male fetus was delivered with clenched hands, arthrogryposis of the left wrist, aplasia of the left
thumb, micrognathia, low-set ears, hypertelorism, rocker-bottom feet, and a normal penis. Quantitative fluorescent polymerase chain reaction
assays using polymorphic DNA markers showed a triallelic pattern with a dosage ratio of 1:1:1 (paternal:maternal:maternal) for chromosome 18-
specific markers, and a monoallelic pattern of a single maternal allele for chromosome X-specific markers. The fetus inherited two copies of two
different maternal alleles on chromosome 18, and two copies of a single maternal allele on chromosome X. The molecular result, along with the
karyotype of 48,XXY,þ18, was consistent with the occurrence of nondisjunction of chromosome 18 in a maternal meiosis I error and
nondisjunction of chromosome X in a maternal meiosis II error or less likely a postzygotic mitotic error.
Conclusion: The present case provides evidence that abnormal separation of chromosomes 18 and X resulting in double aneuploidy may occur in
different cell divisions, and such an occurrence is related to advanced maternal age.
Copyright  2011, Taiwan Association of Obstetrics & Gynecology. Published by Elsevier Taiwan LLC. All rights reserved.
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The simultaneous occurrence of double aneuploidy
involving Edwards syndrome (trisomy 18) and Klinefelter
syndrome (47,XXY) is rare. To our knowledge, only 13 casescs & Gynecology. Published by Elsevier Taiwan LLC. All rights reserved.
Fig. 1. Prenatal ultrasound findings. (A) Choroid plexus cysts at 18 weeks of gestation. (B, C) Flexion contracture deformity of the left wrist with absence of the
thumb (arrow and inset) at 22 weeks of gestation. (D) Corresponding findings for the left wrist and absence of the thumb at birth as compared with the three-
dimensional ultrasound image in (C), inset.
Fig. 2. 48,XXY,þ18 karyotype.
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the prenatal diagnosis [9,10,13], and only one concerns the
parental origin and cell stage of nondisjunction of the aneu-
ploidy [11]. Here, we present our experience of the prenatal
diagnosis and molecular investigation of the parental origin
and the mechanism of nondisjunction underlying
a 48,XXY,þ18 karyotype in a fetus with congenital abnor-
malities. We also review the literature.
Materials, methods and results
A 42-year-old, gravida 3, para 1 woman was referred for
amniocentesis at 18 weeks of gestation because of advanced
maternal age. She had experienced one abortion and had
a healthy 14-year-old daughter. Her husband was 43 years old.
She and her husband were healthy, and there was no family
history of congenital malformation. Prenatal ultrasound at 18
weeks of gestation revealed bilateral choroid plexus cysts in
a singleton fetus with fetal biometry equivalent to 17 weeks
(Fig. 1A). Cytogenetic analysis of cultured amniocytes
revealed a karyotype of 48,XXY,þ18 (Fig. 2). The parental
karyotypes were normal. Level II ultrasound revealed a flexion
contracture deformity of the left wrist with absence of the
thumb (Fig. 1B).
The parents elected to terminate the pregnancy at 22 weeks
of gestation. A 332 g male fetus was delivered with clenched
hands, arthrogryposis of the left wrist, aplasia of the left thumb,
micrognathia, low-set ears, hypertelorism, rocker-bottom feet,
and a normal penis (Fig. 3). Postnatal cytogenetic analysis ofthe fetal tissues confirmed the prenatal diagnosis. Quantitative
fluorescent polymerase chain reaction assays using poly-
morphic short tandem repeat markers showed a triallelic pattern
with a dosage ratio of 1:1:1 (paternal:maternal:maternal) for
chromosome 18-specific markers, and a monoallelic pattern of
a single maternal allele for chromosome X-specific markers.
The fetus had inherited two copies of two different maternal
alleles on chromosome 18, and two copies of a single maternal
allele on chromosome X. The molecular result, along with the
48,XXY,þ18 karyotype, was consistent with the occurrence of
nondisjunction of chromosome 18 in a maternal meiosis I error
(mat MI) and nondisjunction of chromosome X in a maternal
Fig. 3. (A)Whole-body view of the fetus at birth. (B, C) Craniofacial appearance of micrognathia, hypertelorism, and low-set ears. (D) Arthrogryposis of the left wrist
with absence of the thumb.
481C.-P. Chen et al. / Taiwanese Journal of Obstetrics & Gynecology 50 (2011) 479e484meiosis II error (mat MII) or less likely a postzygotic mitotic
error (PZM) (Table 1 and Fig. 4).
Discussion
The present case was detected viably in the second
trimester and was associated with two aneuploidies involving
Klinefelter syndrome and trisomy 18. Reddy [14] reported that
double aneuploidies in liveborns usually contain sex chro-
mosome abnormalities and/or common aneuploidies of
trisomy 13, 18, and/or 21, including XXX/18, XXX/21, XXY/
13, XXY/18, XXY/21, XYY/13, XYY/18, XYY/21, 13/18, 13/
21, 18/21, 21/21, and XXYY, and that double aneuploidies in
spontaneous abortions usually contained nonviable trisomies
of trisomy 16, 8, 15, or 2, including 16/21, 2/16, 15/16, 2/18,
8/16, 13/16, and 16/22. Diego-Alvare et al [15] reported
double aneuploidy in 2.18% of miscarriages (n ¼ 321). In
a study of 385 cases of double trisomy in spontaneous abor-
tions, Micale et al [16] found that the most common double
trisomies involving an autosome and a sex chromosome were
X/Y,þ21 (36 cases) and X/Y,þ18 (33 cases), with the most
common double trisomies involving two autosomes being 16/
21 (7 cases), 15/16 (5 cases), 15/21 (4 cases), 18/21 (4 cases),
and 21/22 (4 cases).Table 1
Molecular results using polymorphic markers specific for chromosomes 18
and Xa.
Markers Locus Father Mother Fetus Result
D18S535 18q12.3 143, 161 153, 157 153, 157, 161 mat MI
D18S878 18q22.1 174, 182 174, 186 174, 182, 186
D18S1358 18q22.3 142, 142 138, 142 138, 142, 142
DXS9903 Xp22.33 210 218, 226 218, 218 mat MII
or PZMDXS8378 Xp22.31 227 227, 231 231, 231
DXS6806 Xq27.3 176 180, 184 180, 180
DXS6814 Xp22.33
Yp11.3
163 163, 175 163, 175, 175
mat MI ¼ maternal meiosis I nondisjunction error; mat MII ¼ maternal
meiosis II nondisjunction error; PZM ¼ postzygotic mitotic error.
a Alleles (base pair sizes) are listed below each individual.
Fig. 4. Representative electrophoretograms of quantitative fluorescent poly-
merase chain reaction assays show (A) two copies of two different maternal
alleles for chromosome 18-specific markers, and (B) monoallelic pattern of
a single maternal allele for the chromosome X-specific markers. For example,
marker D18S535 shows three peaks (153 bp:157 bp:161 bp; maternal:ma-
ternal:paternal, respectively) of equal fluorescent activity indicating the
occurrence of nondisjunction of chromosome 18 in a maternal meiosis I error
(mat MI), the marker DXS9903 shows only one peak (218 bp) of maternal
origin, indicating the occurrence of nondisjunction of chromosome X in
a maternal meiosis II error (mat MII) or a postzygotic mitotic error (PZM).
Table 2
Clinical findings of reported cases with EdwardseKlinefelter syndromes (48,XXY,þ18).
Authors Karyotype Maternal
age (y)
Paternal
age (y)
Major abnormalities and outcome Parental origin
of aneuploidy
Cell stage of nondisjunction
Chr. 18 Chr. X
Haylock et al [1]
Case 2 48,XXY,þ18 45 47 VSD, patent foramen ovale, left chylous pleural
effusion, horseshoe kidney, facial dysmorphism,
micrognathia, absent corpus callosum, clenched hands,
neonatal death (16 d)
NA NA NA
Cohen and Bumbalo [2]
48,XXY,þ18 21 35 Delivery at 40 wk, 2,670 g, facial dysmorphism,
micrognathia, clenched hands, rocker-bottom feet,
normal male genitalia, undescended testes, clinodactyly,
total anomalous venous drainage, single atrium, signal
ventricle, right ventricular hypertrophy, neonatal death
(16 wk)
NA NA NA
Zellweger and Abbo [3]
Case 1 48,XXY,þ18 23 29 Delivery at 43 wk, 2,070 g, high-arched palate, VSD,
PDA, facial dysmorphism, micrognathia, clenched
hands, neonatal death (10 wk)
NA NA NA
Henchman et al [4]
47,XXY/48,
XXY,þ18
23 26 Delivery at 40 wk, 2,140 g, clinodactyly, VSD, PDA,
enlargement of right kidney, facial dysmorphism,
micrognathia, clenched hands, neonatal death (3 mo)
NA NA NA
Bach et al [5]
48,XXY,þ18 23 23 Delivery at 42 wk, 2,700 g, facial dysmorphism,
micrognathia, clenched hands, neonatal death (6 wk)
NA NA NA
Nielsen et al [6]
48,XXY,þ18 42 50 Delivery at 41 wk, 2,000 g, VSD, syndactyly, facial
dysmorphism, micrognathia, clenched hands, congenital
diaphragmatic hernia, dilated renal tubules, neonatal
death (21 h)
NA NA NA
Rogers et al [7]
Case 1 48,XXY,þ18 24 NA Delivery at 30 wk, 640 g, micrognathia, bilateral
cataracts, contracture of left wrist, generalized
hirsutism, facial dysmorphism, clenched hands,
neonatal death (4 h)
NA NA NA
Hanna et al [8]
48,XXY,þ18 NA NA Gastroschisis, facial dysmorphism, clenched hands NA NA NA
Van Ravenswaaij-Arts
et al [9]
47,XY,þ3/
48,XXY,
þ18/46,XY
26 NA Prenatal ultrasound at 31 wk: IUGR, polyhydramnios,
bilateral cleft lip. Amniocentesis: 47,XY,þ3/
48,XXY,þ18. Delivery at 38 wk, 1,746 g, bilateral cleft
lip and palate, micropenis, cryptorchidism,
ventriculomegaly, camptodactyly, an atrioventricular
septal defect, hypoplasia of cerebellar vermis, facial
dysmorphism, clenched hands, neonatal death (10 d)
NA PZM
(suspected)
PZM
(suspected)
Komwilaisak et al [10]
48,XXY,þ18 21 NA Prenatal ultrasound at 33 wk: IUGR, polyhydramnios,
single umbilical artery, micrognathia, bilateral club
hands, clenched hands, rocker-bottom feet.
Cordocentesis: 48,XXY,þ18. Delivery at 38 wk,
2,200 g, microcephaly, bilateral cataracts, microtia,
micropenis, undescended testes, two-vessel cord, facial
dysmorphism, neonatal death (18 d)
NA NA NA
Li et al [11]
Case 2 48,XXY,þ18 NA NA NA Maternal MI MI
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Table 2 (continued )
Authors Karyotype Maternal
age (y)
Paternal
age (y)
Major abnormalities and outcome Parental origin
of aneuploidy
Cell stage of nondisjunction
Chr. 18 Chr. X
Hou [12]
48,XXY,þ18 21 NA IUGR, polyhydramnios in late gestation. Delivery at
39 wk, 2,040 g, VSD, PDA, PS, facial dysmorphism,
micrognathia, microcephaly, single umbilical artery,
congenital diaphragmatic hernia, left renal hypoplasia,
right hydronephrosis, clenched hands, clinodactyly,
inguinal hernia, high-arched palate, cryptorchidism, a
normal penis, alive at 15 mo
NA NA NA
Begam et al [13]
48,XXY,þ18 NA NA Prenatal ultrasound at 34 wk: IUGR, choroid plexus
cysts, cerebellar hypoplasia, ventricular septal defect,
club feet, clinodactyly, pectus excavatum.
Amniocentesis: 48,XXY,þ18. Facial dysmorphism,
clenched hands, neonatal death (2 d)
NA NA NA
Present case
48,XXY,þ18 42 43 Prenatal ultrasound at 18 wk: choroid plexus cysts,
prenatal ultrasound at 22 wk: a flexion contracture
deformity of left wrist, absence of left thumb.
Amniocentesis: 48,XXY,þ18. Termination at 22 wk,
332 g, facial dysmorphism, micrognathia,
arthrogryposis of left wrist, aplasia of left thumb,
clenched hands, a normal penis
Maternal MI MII or PZM
Chr. ¼ chromosome; IUGR ¼ intrauterine growth restriction; MI ¼ meiosis I nondisjunction error; MII ¼ meiosis II nondisjunction error; NA ¼ not available;
PDA ¼ patent ductus arteriosus; PS ¼ pulmonary stenosis; PZM ¼ postzygotic mitotic error; VSD ¼ ventricular septal defect.
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a maternal origin of double aneuploidy, and two different cell
stages of nondisjunction. It has been shown that the extra chro-
mosomes in double aneuploidy are almost always of maternal
origin and are usually associated with advanced maternal age
[11,15,16]. Zaragoza et al [17] reported maternal mat MII for
48,XX,þ4,þ14,matMI for 48,XY,þ15,þ21, andmatMI orMII
for 48,XX,þ10,þ15, and 48,XY,þ15,þ16 in spontaneous
abortions. Park et al [18] reported mat MII for 48,XXX,þ21 in
a fetus terminated followingprenatal diagnosis by amniocentesis.
Chen et al [19] reported mat MII for 48,XXX,þ18 in a liveborn.
Li et al [11] reportedmatMI for 48,XX,þ16,þ22, 48,XXY,þ18,
48,XX,þ15,þ21, and 48,XX,þ2,þ5 in spontaneous abortions.
Diego-Alvare et al [15] reportedmatMI for 48,XX,þ15,þ22 and
48,XX,þ8,þ21, mat MII for 48,XXX,þ18, and mat MI for
trisomy 22 and mat MII for trisomy 18 respectively for 48,
XY,þ18,þ22 in spontaneous miscarriages. In the present case,
a mat MI error might have occurred for chromosome 18, and
amatMII errormight have occurred for chromosomeX, although
a PZM could not completely be excluded. The present case adds
to the report ofDiego-Alvare et al [15] andprovides evidence that
nondisjunction events involving two different chromosomes can
occur in different cell divisions.
Studies on the extra chromosome in trisomy 18 and Kli-
nefelter syndrome have revealed a frequency of 91% of
maternal origin for trisomy 18, and a frequency of 50% of
maternal origin for Klinefelter syndrome [20,21]. The present
case had a maternal origin in Klinefelter syndrome and
trisomy 18. Infants or fetuses with a karyotype of
48,XXY,þ18 can manifest typical abnormalities of trisomy 18such as congenital heart defects, facial dysmorphism, clenched
hands, arthrogryposis, congenital diaphragmatic hernia, ven-
triculomegaly, and cerebellar hypoplasia, and typical abnor-
malities of Klinefelter syndrome such as clinodactyly, inguinal
hernia, and cleft palate (Table 2).
The present case manifested choroid plexus cysts,
arthrogryposis of the left wrist, and absence of the left thumb
in a male fetus on prenatal ultrasound. Both choroid plexus
cysts and abnormal extremities have been associated with
common aneuploidies [22,23]. Choroid plexus cysts occur in
about 50% of fetuses with trisomy 18 [24]. Snijders et al [25]
found a frequency of 8% for chromosome abnormalities in
prenatally detected choroid plexus cysts, including trisomy 18
(n ¼ 121) and trisomy 21 (n ¼ 18), and a frequency of 1% for
isolated choroid plexus cysts and 46% for nonisolated choroid
plexus cysts with multiple anomalies. Trisomy 18 can be
associated with arthrogryposis, overlapping fingers, rocker-
bottom feet, and talipes. In a study of 89 cases with fetal
trisomy 18, Chen [26] found that 23 cases (25.8%) had
arthrogryposis of the wrist and/or ankle, with the left side
being more common than the right side, and there was a male
preponderance. The present case also had aplasia of the left
thumb. Absence of the thumb may occasionally occur in
trisomy 18. Chen [27] has reported that absence of the thumb
occurs in only 1.1% (1/89) of cases with fetal trisomy 18.
In conclusion, we have presented a very rare occurrence of
double aneuploidy (48,XXY,þ18) of maternal origin in a male
fetus with arthrogryposis of the left wrist and aplasia of the left
thumb. Our presentation provides evidence that abnormal
separation of chromosomes 18 and X resulting in double
484 C.-P. Chen et al. / Taiwanese Journal of Obstetrics & Gynecology 50 (2011) 479e484aneuploidy may occur in different cell divisions, and such an
occurrence is related to advanced maternal age.
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